In earlier publications we have analyzed the strong and radiative decays of heavy hadrons in a formalism which incorporates both heavy-quark and chiral symmetries. In particular, we have derived a heavy-hadron chiral Lagrangian whose coupling constants are related by the heavy-quark flavor-spin symmetry arising from the QCD Lagrangian with infinitely massive quarks. In this paper, we reexamine the structure of the above chiral Lagrangian by including the effects of 1/m Q corrections in the heavy quark effective theory. The relations among the coupling constants, originally derived in the heavy-quark limit, are modified by heavy quark symmetry breaking interactions in QCD. Some of the implications are discussed.
Introduction
In this and a subsequent paper, we would like to examine various symmetry breaking corrections to the strong and electromagnectic decays of heavy hadrons.
There are two different kinds of symmetry breaking effects on the chiral dynamics of heavy hadrons: the 1/m Q corrections from the heavy quarks and the finite-mass effects from the light quarks. We will focus on the 1/m Q corrections in this work and leave the discussion on SU(3) breaking effects to the forthcoming paper [1] .
As is well known, the QCD dynamics in the limit of infinite quark mass exhibits a new spin-flavor symmetry which is known as the heavy quark symmetry (HQS) [2, 3] . Corrections to this symmetry limit can be systematically incorporated into the heavy quark effective theory (HQET) of QCD where symmetry breaking effects are summarized by higher-dimensional operators suppressed by powers of 1/m Q [4] [5] [6] [7] [8] [9] . Such an effective theory has been a powerful tool to analyze weaktransition form factors of heavy hadrons containing one single heavy quark [10] .
We have recently, among others, initiated a study of strong and radiative decays of heavy hadrons by deriving a heavy-hadron chiral Lagrangian which obeys constraints from the heavy quark symmetry [11] [12] [13] [14] [15] [16] [17] . As the idea of synthesizing the heavy-quark and chiral symmetries receives growing attention, there remain important issues to be explored. Especially, implications of the aforementioned 1/m Q corrections to the structure of the heavy-hadron chiral Lagrangian have not been systematically studied [18] . Since the charmed quark is not particularly heavy compared to the QCD scale, such corrections can be important in the chiral Lagrangian for charmed hadrons.
As an example to illustrate the issues involved, consider the heavy-meson chiral Lagrangian given by Eq.(2.16) of Ref. [17] :
− 1 2 P * µν P * † µν + M 2 P * P * µ P * † µ + 1 2 gǫ µνλκ (P * µν A λ P * κ † + P * κ A λ P * µν † ), (1.1) where P and P * are the ground-state heavy mesons with quantum numbers J P = 0 − and 1 − respectively, and As is well-known, there are two energy scales in the chiral perturbation theory involving a heavy hadron: the mass of the heavy hadron M H and the the chiral symmetry breaking scale Λ χ . In principle, one may expand the theory in inverse powers of these two scales. However, because the heavy hadrons have large masses, the derivatives acting on the heavy hadron fields will produce large momentum factors. This complicates the power counting procedure. This difficulty is overcome by a simple observation. Strong and electromagnetic interactions at low energies of a heavy hadron with other light hadrons are governed by the energy scale Λ QCD which is much smaller than M H . Consequently, the four momentum of a heavy hadron has only fluctuations of the order of Λ QCD throughtout its history. Its momentum can, therefore, be parametrized as
where k is of order Λ QCD . In accordance with the parametrization, one introduces a velocity-dependent field H v (x) by [12, 19] H(x) = e −iMH v·x H v (x), (1.5) where H(x) is the standard field operator for a heavy hadron. The velocitydependent field H v (x) carries only the residual momentum k. It follows from (1.5) that
The dependence on the large mass M H is now made explicit: the second term in (1.6) is of order k/M H relative to the first one. In terms of H v (x), derivatives acting on the heavy hadron and Goldstone boson fields are treated on equal footing, and a consistent 1/M H and 1/Λ χ expansion can be developed for the heavy hadron chiral Lagrangian.
The velocity-dependent fields for the 0 − and 1 − heavy hadrons of (1.1) are
To simplify our notation, we write P (v) ≡ P v (x) and P * µ (v) ≡ P * v,µ (x). Retaining only the leading terms, we obtain
Note that we have neglected terms which are suppressed by 1/M P * comparing with the leading contributions. Therefore, L
v,P P * is the leading-order heavy-meson chiral Lagrangian in the double expansions of 1/M P * and Goldstone-boson momenta.
Before proceeding further, we should like to make two remarks on the Lagrangian
v,P P * . First of all, the parameters M P and M P * in Eq. (1.8) are taken to be the physical masses of the heavy mesons P and P * respectively. This accounts for the appearence of ∆M 2 P (v)P † (v) in Eq. (1.8). Theoretically, we expect
so ∆M 2 is of order Λ 2 QCD and it is a simplest 1/M H correction to the leading terms of L (1) v,P P * which we keep. Second, the coupling constants f and g are no longer assumed to satisfy the spin symmetry relation (1.3).
It has been noted by Luke and Manohar [20] that the structure of the 1/M H expansion must satisfy the "reparametrization invariance" which is a conseqence of the nonuniqueness of the parametrization (1.4). The four-velocity v and the residual momentum k can be arbitrarily chosen so long as v 2 = 1 and k ∼ Λ QCD << M H . For consistency, the heavy-meson chiral theory must be invariant under the
This leads to the conclusion that a reparametrization-invariant heavy-meson chiral Lagrangian, which we denote asL P P * , must have the following structure [20] 
where
Therefore, to maintain the reparametrization invariance to order O(1/M P * ), the Lagrangian is agumented to bẽ
(1.14)
The prescription (1.13) uniquely determines the terms of order 1/M P * necessary to ensure the reparametrization invariance ofL (1) v,P P * . These 1/M P * corrections are essentially kinematic in nature. They are important, but they can be retrieved by following the prescription (1.13). However, there are other 1/M P * contributions which are reparametrization invariant by themselves, but at least contain two derivatives. It should be pointed out that the original Lagrangian (1.1) is reparametrization invariant. Eq.(1.14) follows simply from Eq.(1.1) by keeping the first two leading orders in the 1/M H expansion using Eq.(1.7) (in particular, Eq.(1.7c) should hold to order 1/M H ). The requirement of reparametrization invariance will become more useful as the 1/M H expansion is carried out to higher orders, or when we deal with new situations [21] .
There is another type of 1/M P * corrections which will be the focus of the present work. In contrast with the previous corrections, these are dynamical in nature and they arise from taking into account the 1/m Q terms in HQET. It is well known that the following two operators in HQET break the heavy-quark spinflavor symmetry at the order of 1/m Q [7, 8] :
Specifically, the operator O 1 breaks the flavor symmetry, and the operator O 2 breaks both the flavor and spin symmetries. To the first order in the Goldstone boson's momentum, the only effects of O 1 and O 2 are to make 1/m Q corrections to the coupling constants f and g which appear in Eq.(1.14). To order 1/m Q , we may write
where g 0 = 1 2 f 0 , and Λ is an arbitrary mass scale. Presumably, the value for Λ should be chosen in such a way that f c ≈ f 0 and g c ≈ g 0 . Under this requirement, it has recently been argued that the parameter Λ is of order Λ χ rather than Λ QCD [22] . However, we will take no position on this point as it is still not widely accepted.
We Clearly, we can carry out a similar discussion for heavy baryons on reparametrization invariance and dynamical corrections to the coupling constants.
With the issues in the 1/M H (1/m Q ) corrections clearly defined, we will concentrate our attention in what follows on interactions between the heavy hadrons and the Goldstone bosons with a single derivative. Section 2 is devoted to a study of the O(1/m Q ) correction to the coupling constants for both strong and electromagnetic interactions in the heavy meson secetor. A similar study for heavy baryons is carried out in Section 3. We will employ the method of interpolating fields extensively utilized in Ref. [17] . We find that all the heavy quark spin symmetry relations among the coupling constants (both strong and electromagnetic) are completely broken by 1/m Q corrections.
Finally, in Section 4 we make some concluding remarks and we shall comment on the work done by Randall and Sather [23] concerning the SU(3)-violating corrections to the heavy-meson hyperfine splitting, which is a typical O(1/m Q ) phenomenon. As we shall point out, the calculation performed in Ref. [23] is incomplete, namely it does not include all the corrections of order 1/m Q .
1/m Q Corrections to the Dynamics of Heavy Mesons
In this section we shall study the 1/m Q corrections to the coupling constants of the heavy-meson chiral Lagrangian given by Eqs. (2.16) and (2.19) of Ref. [17] .
First of all, we shall rewrite the chiral Lagrangians L (1) P P * and L (2) P P * in terms of velocity-dependent fields and retain only the leading terms in the 1/M H expansion.
The velocity-dependent version of L (1) P P * is given by Eq. (1.8), which we recall here for convenience:
Substituting Eqs.(1.7a) and (1.7b) into L
P P * which describes the radiative transitions, we obtain (see Ref. [17] for notations)
where Q ′ is the heavy-quark's charge and Q denotes the charge matrix of the light quarks: 
v,P P * the normal magnetic moment term of P * µ induced by the minimum substitution. This is because such contributions are not among the leading terms kept in (2.3).
As indicated in Eqs.(1.16a) and (1.16b), every coupling constant in L (1) v,P P * and L (2) v,P P * can be expanded in powers of 1/m Q . In particular, we have written there the expansion for coupling constants f and g:
and
The zeroth order contributions f 0 and g 0 are related by HQS [11] , namely
To compute the 1/m Q corrections to f 0 and g 0 , we insert operators O 1 and O 2 , defined in Eqs. (1.15c) and (1.15d), into the relevant decay amplitudes:
To determine the general Lorentz structure of Eqs.(2.8) and (2.9), we recall that the interpolating fields for pseudoscalar and vector mesons are given by [24] :
Since we will keep only leading terms in the 1/M H expansion, we can simply neglect the 1/M H corrections needed for reparametrization invariance. For the same reason, we can also neglect residual momenta k and k ′ in Eqs. (2.8), (2.9) and (2.10). Furthermore, we shall treat contributions from O 1 and O 2 separately. Since O 1 preserves heavy quark spin symmetry, its contributions to both amplitudes must be of the following forms:
where u(P * ), u(P ) and u(P ′ * ) are isospin wave functions of the heavy mesons, and a is a constant independent of heavy quark masses.
The contributions from O 2 are given by
To evaluate ∆M 2 and ∆M ′ 2 , we make use of Eqs. (2.10a) and (2.10b) to obtain:
Both of Eqs. (2.13a) and (2.13b) contain a matrix element which describes the dynamics of light constituents:
where b, c, d, e 1 and e 2 are constants independent of heavy quark masses. Note that we have suppressed the q-dependent terms since they correspond to higherdimensional terms in chiral expansion. The right hand side of Eq.(2.14) is the most general expression consistent with the symmetry properties of its left hand side.
Substituting Eq.(2.14) into Eq.(2.13) yields
Since ∆M and ∆M ′ can also be computed through the chiral Lagrangian by expanding
hence the ∆M and ∆M ′ given by (2.11) and (2.15) imply
We note that the same combination b−c+d appears in both f c and g c . It means that the corrections f c and g c are characterized by three parameters a, b − c + d
and e 2 ! We will now show that e 2 is zero, so actually there are only two unknowns to describe the two coupling constants f c and g c . The two processes P * → P + π and P → P * + π are related by charge conjugation, and the appropriate coupling constants are f and f * , respectively. In Eqs.(1.1) and (1.8), it is implicitly assumed that f is real; this can always be accomplished with a judicious choice of phases for the field operators of the heavy mesons. We will assume that this is done. Let us denote
which can be computed by the same procedure for computing ∆M. We find that ∆M ′′ also depends on M αβµ given by (2.14). Indeed, we obtain
which gives
We now demand f c = f * c . A comparsion of (2.17) and (2.20) yields e 2 = 0. Finally,
To discuss 1/m Q corrections to the coupling constants in L
v,P P * , we shall treat the heavy-quark and light-quark electromagnetic currents separately. In the case of the heavy-quark electromagnetic current, the relevant coefficients d ′ and d ′′ γ are both of order 1/m Q because they arise from the magnetic moment of the heavy quark. As pointed out by us [17] and by others [15, 16] , these couplings are rigorously determined by the heavy quark effective theory. For completeness, we shall reproduce the results here. First of all, the heavy-quark electromagnetic current in the effective theory to order 1/m Q can be written as [9] 
Using the identity
the Gordon decomposition 24) and the identity 
we finally arrive at
where 
The evaluation of F Q µ andF Q µ is straightforward with the aid of Eqs. (2.10a) and (2.10b). Taking F Q µ as an example, we convert the matrix element in Eq. (2.28a) into:
where [2] 0|
Working out the trace, we obtain
Similarly, we haveF
Comparing Eq.(2.31) with Eq.(2.3), we obtain
To determine d and d ′′ , we need to consider the form factors induced by the light-quark electromagnetic current. To order 1/m Q , we have
As discussed in Ref. [17] , one can apply the heavy-quark spin symmetry to obtain
To see whether d c and d ′′ c obey the same relation, we evaluate the following magnetic form factors induced by the light quark electromagnetic current j em µ ≡ eqQγ µ q:
where the subscript m indicates the fact that we keep only the magnetic interactions. To evaluate F µ andF µ , we again employ the technique of interpolating fields [24] to obtain
For convenience, we shall treat contributions by O 1 (x) and O 2 (x) separately. Their contributions are denoted by F 1 µ (F 1 µ ) and F 2 µ (F 2 µ ) respectively. As O 1 (x) preserves the heavy-quark spin symmetry, F 1 µ is related toF 1 µ in such a way that
with a 1 being a constant independent of the heavy quark mass. For simplicity, we have set the charge matrix Q = 1 and suppressed the flavor quantum numbers while obtaining Eqs.(2.35) and (2.37). To compute F 2 µ andF 2 µ , we apply Eqs. (2.10a) and (2.10b) to obtain
38a)
The non-perturbative dynamics of the light constituents can be parametrized as 
Since the results in Eqs.(2.40a) and (2.40b) can also be obtained from the Lagrangian L
v,P P * , we can hence make the following identifications:
Eqs.(2.21) and (2.41) are the main results in this section.
1/m Q Corrections to the Dynamics of Heavy Baryons
In this section we study the 1/m Q corrections to the coupling constants appearing in the heavy-baryon chiral Lagrangian L
B and L
B given by Eqs. (3.8) and (3.9) respectively in Ref. [17] . In terms of velocity-dependent fields,
with
where as before Q = diag( It is well known that baryons do not behave much like Dirac point particles.
As a result, they can have large anomalous magnetic moments. The most general gauge invariant Lagrangian for magnetic transitions of heavy baryons is given by
The Lagrangian L (2) v,B is also the most general chiral-invariant one provided that one makes the replacement
Note that, contrary to Eq. To incorporate 1/m Q corrections, we expand the coupling constants in L
and L (2) v,B as follows:
Let us first focus on the coupling constants g i 's in L
v,B . The relations among the leading terms g 0 i are governed by HQS [11] . They have been derived by evaluating the decay amplitudes B3 → B3 + π, B 6 (B * 6 ) → B3 + π, and B 6 (B * 6 ) → B 6 (B * 6 ) + π. The results can be summarized as follows:
The result g 0 6 = 0 follows from the fact that, in the heavy quark spin symmetry limit, the strong transition between antitriplet baryons is forbidden by parity conservation. To relate the sub-leading coefficients g c i 's, we insert the operators O 1
and O 2 of Eqs. (1.15c) and (1.15d) into the relevant matrix elements. First of all, the sub-leading amplitude for B3 → B3 + π is given by
To determine the general Lorentz structure of M3, we employ the following interpolating field for antitriplet baryons [25] : , we then have
By Eq.(3.8) we may rewrite Eq.(3.9) as
Since we cannot construct an axial vector out of v and q, we conclude that is given by
Applying Eq.(3.8) gives
Since the diquark field φ v is a Lorentz scalar, we may parametrize the matrix element of light constituents as
where r is a constant independent of the heavy quark mass. We have also neglected the flavor wave functions of incoming and outgoing baryons as they are irrelevant to our discussion. Substituting Eq.(3.14) into Eq.(3.13) yields
Comparing this result with Eqs.(3.1) and (3.5), we find
which is non-vanishing in general. This shows that the decay B3 → B3 + π, while forbidden in the infinitely heavy quark limit, is allowed in the sub-leading order.
As a similar conclusion has also been arrived by Cho [18] , we would like to compare our result with his in some details.
Cho constructed the following operator to describe the decay B3 → B3 + π to the order of 1/m Q :
apart from an overall normalization. In Eq.(3.18), (B3) jk is the jk matrix element in the baryon matrix B3 [11] . The operator O T T A is not reparametrization invariant itself. Therefore, it should be part of one which is. We will now show that O T T A is a reparametrization invariant partner to the interaction term in (3.1) with the coupling constant g 6 :
where it is understood that B3 andB3 have velocity v. The reparametrization invariant generalization of L 6 is obtained through the substitution [20] 
The result isL
where L 6 is given by (3.19) and
The identity
The first term in (3.24) vanishes as a result of the two identities
The second term in (3.24) can be further transformed with the aid of the identity
Finally, we obtain Our next task is to relate g c 2 to g c 4 .
To do this, we evaluate the amplitudes of B 6 → B3 + π and B * 6 → B3 + π. With our previous notations, the sub-leading contribution is
where κ is used to specify the spin of sextet baryons: κ = 1 corresponds to spin- 
where φ µ v is an axial vector field. The wave functionB µ is given bȳ
with u µ (v, s) and u(v, s) being the Rarita-Schwinger's vector spinor and usual Dirac spinor respectively. The contribution from the operator O 2 gives
(3.31)
The matrix element for light constituents may be parametrized as
where r 1 , r 2 and r 3 are constants independent of the heavy quark mass, and the flavor wave functions are neglected for simplicity. This is the most general Lorentz structure for M µναβ which is antisymmetric in α and β. With Eq.(3.32) we can immediately conclude that contributions from r 1 and r 2 are zero because of the
The contribution due to r 3 is
Using (3.30) for the wave function B ν , we find
where we have used the notations 6 * and 6 to denote a spin 
where we have added the contributions proportional to r ′ coming from the operator O 1 which preserves the spin symmetry.
Finally, we discuss strong transitions among sextet baryons. The contribution
The matrix elements of the light constituents can be parametrized as
where s and s i are constants independent of the heavy quark mass, and the flavor wave functions are again neglected. This is the most general Lorentz structure for M αβµλκ which conserves parity, and is antisymmetric with respect to the indices α and β. Let us write
We further denote
for contributions due to s, s 1 , s 2 , · · · s 6 , respectively.
Using the properties of the wave functions
the identity (3.26) and
we obtain
Collecting all the terms, we find
where we have dropped the subscripts 66 in the corrections to the matrix elements ∆M 2 . When Eq.(3.51) is compared with (3.1), we find
where we have added a term proportional to s ′ due to the operator O 1 which preserves the spin symmetry. As in the heavy meson case, we will assume that the phases for the field operators of the heavy baryons have been so chosen that all the coupling constants are real. Then, g c 3 = g c * 3 gives
We can rewrite (3.52) in terms of the combinations
Finally, we obtain
Eq.(3.55) shows that the spin symmetry relations (3.6a)-(3.6c) are completely broken at order O(1/m Q ) due to the presence of the parameters s 1 , s ′ 2 and s ′ 3 .
We now turn to the 1/m Q corrections to the radiative interactions L
v,B , we shall treat the heavy and light quark electromagnetic currents separately. It is known that the magnetic couplings a ′ 1 -a ′ 6 , induced by heavy quark electromagnetic currents, can be rigorously determined by the heavy quark effective theory [15, 17] .
As in the meson case, coefficients a ′ 1 -a ′ 6 arise entirely from the magnetic moment part of J em µ shown in Eq.(2.26). For antitriplet baryons, we evaluate the magnetic form factor
Notice that we have taken v = v ′ while maintaining a finite photon momentum k ν .
Applying Eq.(3.8) yields
with [25] 0|
and ζ(1) = 1. After simplifying the gamma matrices and comparing the result with that given by L
v,B , we obtain
For magnetic transitions between sextet and antitriplet baryons, we evaluate the following matrix element:
Application of Eqs.(3.8) and (3.29) yields Finally, we evaluate the following matrix elements to determine the couplings a ′ 1 , a ′ 3 and a ′ 5 :
Applying Eq. (3.29) , we obtain
where terms proportional to v α or/and v ′ β are not shown, as they do not contribute to (3.64). The normalization of ξ 1 is given by
In the v = v ′ limit, the function ξ 2 does not contribute to G v,B , we arrive at
The results (3.59), (3.62) and (3.68) agree with the quark model calculations [17] .
Next we tackle the light-quark electromagnetic currents, which give rise to the magnetic couplings a 1 -a 6 . In the heavy quark mass expansion, we again write
where i = 1, 2, · · · , 6. The relations among a 0 i 's were derived in Ref. [17] by evaluating the matrix elements for B3 → B3 + γ, B 6 (B * 6 ) → B3 + γ and B 6 (B * 6 ) → B 6 (B * 6 ) + γ. We find
We shall follow the previous procedure to obtain the sub-leading contributions.
For B3 → B3 + γ, we have
where the subscript m indicates magnetic contributions only. As in the previous section, we shall set the charge matrix Q = 1 and suppress all the flavor quantum numbers in the subsequent discussions.
Since the operator O 1 does not alter the Lorentz structure of light constituents' matrix element, the magnetic form factors in Eq.(3.71) receive no contributions from O 1 [17] . The contribution from O 2 is given by
Since M3 αβµ must be antisymmetric with respect to the indices α, β and obeys con-straints from both parity and electromagnetic current conservation, one concludes
where δ is a constant independent of the heavy quark mass and k is the photon's momentum. In parametrizing M3 αβµ , we restrict ourselves to the structures linear in k since we are only interested in magnetic interactions. The same simplification will be assumed in the subsequent discussions. Substituting Eq.(3.74) into Eq.(3.72),
we arrive at
Eq.(3.75) corresponds to a change in the transition amplitude for B3 → B3 + γ:
Comparing Eq.(3.76) with L
v,B , we conclude that
Since a 0 6 = 0, the amplitude for the magnetic transition B3 → B3 + γ is suppressed by Λ/2m Q . For B 6 (B * 6 ) → B3 + γ, the operator O 2 gives a contribution to the electromagnetic form factor
The most general structure of M αβµν relevant to the magnetic transition is given by
where t is a constant independent of the heavy quark mass. Eqs.(3.79) and (3.81)
give
Comparing Eq.(3.82) with L
v,B , we find
where the spin-symmetry-preserving contributions proportional to t ′ come from the operator O 1 .
Finally we consider the couplings a c 1 , a c 3 and a c 5 , which are relevant to magnetic transitions among sextet baryons. The relevant matrix element is
Particularly, we shall focus on the contribution from the operator O 2 , which is given by
One can parametrize M αβνλµ as follows:
where w 1 , w 2 and w 3 are constants independent of the heavy quark mass. Eqs. (3.85) and (3.87) give a contribution to the photon transition amplitude
Let us denote
90b)
Making uses of the identities for the Dirac matrices stated earlier and
preserving operator O 1 . Again, we will assume that the phases of the heavy baryon fields have been so chosen that the coupling constants are real. Then a c 3 = a c * 3 gives
and 
Discussion
In this work we have carried out a systematic theoretical study of the order 1/m Q effects to the heavy meson's and heavy baryon's chiral Lagrangian for strong and electromagnetic interactions. There are two distinct corrections at this order.
The first is a kinematic correction required by reparametrization invariance. In practice, this effect for simple processes such as decays can be largely taken into account by using the full momentum P of a heavy particle and the corresponding polarization vector or Dirac spinor instead of parametrizing it by P = M H v + k and dropping the residual momentum k. The second effect is a dynamic correction induced by the order 1/m Q terms in the QCD Lagrangian which break the flavorspin symmetry of the heavy quarks. As in our earlier publications [11, 17] , we focus example, in our quark model calculations in Refs. [11, 17] , all the coupling constants are indeed real.
These new unknowns depend on the QCD's long distance dynamics of light quarks and gluons. In principle, they are calculable numerically in lattice QCD.
At a more pheomenological level, the quark model has no simple predictions for them either, unlike the coupling constants in the infinitely heavy quark limit.
Nevertheless, it is important to consider the sizes of these corrections as they affect the strong and electromagnetic interaction physics of the heavy hadrons, especially the charmed mesons and baryons. For this purpose, it is perhaps useful to calculate those corrections in the quark model and the MIT bag model with some specific pheomenological wave functions for the heavy hadrons.
We will illustrate the last point by a problem of practical interest. For the heavy meson chiral Lagrangian L
v,P P * , the HQS relation f = 2g is modified by 1/m Q corrections. The splitting of f and 2g, δ ≡ 2g − f , will contribute to SU(3)-violating corrections to the heavy-meson hyperfine splitting. Such corrections are characterized by the parameter [26] 
In the charmed meson case, experimental data give [27, 28] : The cancellation would be further enhanced if the contribution from Eq.(4.3) is also negative. Unfortunately, there still exists no data to support this claim. In fact, there is also no experimental evidence for a positive x. Certainly, a negative x would make the situation even more troublesome. At any rate, we want to emphasize that one should include the effect of Fig. 1 when computing the parameter ∆ D .
Whether or not this effect is adequate to resolve the puzzle posed by Eq. (4.2) is not yet clear until one has more experimental data, and a better theoretical 
